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I. INTRODUCTION  
The blockage in a channel caused by a structure such as 
a pier or an abutment decreases the flow area while 
increases both the water velocity and shear stress at the 
water-soil interface. The increment of flow velocity and 
shear stress leads to scour around the structure on the 
channel bed. Abutment scour is the decrease of the 
channel bed elevation due to the acceleration of the water 
around the abutment at the end of the approach 
embankment. Abutment scour weakens the foundation of 
abutment and therefore destabilizes the channel-crossing 
structure such as a bridge. 
Most researches studied abutment scour using 
cohesionless soil.  Among them, Laursen (1960) found 
that the diameter of scour hole is approximately 2.75 
times the scour depth. The study estimated the maximum 
clear water scour ( 1 / 1cτ τ < ) depth is 10% deeper than the 
live bed scour ( 1 / 1cτ τ > ) depth.  Eqs. 1 and 2 are 
Laursen’s abutment scour equations for clear-water and 
live-bed condition, respectively. 
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Fout! Objecten kunnen niet worden gemaakt door 
veldcodes te bewerken.                           (2) 
Gill (1972) found that the maximum scour depth for both 
the clear-water and live-bed conditions around spur dikes 
is the same. He assumed that the maximum scour depth 
depends on the contraction ratio and the ratio of the 
sediment size to flow depth.  Gill found that an 
approximately 90% of the maximum scour depth is 
reached within 15 hours for both fine sand and coarse 
sand. Gill’s clear water scour depth equation is 
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   Based on a database of 170 live-bed scour 
experiments and 164 clear-water scour experiments, 
Froehlich (1989) developed both live-bed scour and clear-
water scour equations to predict the scour depth around an 
abutment, expressed in Eqs. 4 and 5, respectively. 
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Melville (2000) investigated the effect of channel 
geometry on abutment scour in a compound channel. Four 
parameters were found to be influential to the abutment 
scour depth - flow, sediment, geometry, and time. He 
constructed a relationship between the scour depth and 
these parameters by assuming a constant sediment density 
and an absence of viscous as: 
 TGdIyLa KKKKKKKz 21=                      (6) 
Even though many researches have conducted research 
on abutment scour, little has been done using cohesive 
soil. The reasons may be due to the hurdles of preserving 
the material property and installation, in addition to a 
much time consuming test period due to its erodibility in 
comparison with the use of cohesionless soil. 
An effective and accurate prediction of abutment scour 
is very important for the design and construction of 
bridges.  The prediction of scour depth is often based on 
the results obtained using cohesionless soil which may be 
too conservative. In the present study, three clear water 
scour experiments were performed to investigate abutment 
scour in cohesive soil using a large-scale model.  The 
results were compared with that in several previous 
studies. In addition, numerical computation was 
performed and the results were compared with the 
experiments. 
II. EXPERIMENT SETUP 
The experiments were conducted in a large two-
dimensional flume that is 45.7 m (150 feet) long, 3.7 m 
(12 feet) wide, and 3.4 m (11 feet) deep located in the 
Haynes Coastal Engineering Laboratory at Texas A&M 
University. Water is discharged from a large cross-tank 
pipe with a long strip of opening located at the upstream 
end of the flume.  An adjustable gate is located at the 
other end of the flume to control the water level in the 
flume.  The flume also includes a 7.6 m (25 feet) long by 
1.5 m (5 feet) deep sediment pit starting at about one-half 
the flume length. 
 
  
Figure 1.  Geometry and coordinate system of experiments 
(not to scale, the right panel was rotated 90 degree counterclockwise)  
 
TABLE I.  TEST CONDITIONS  
Case L (m) 
La 
(m) 
y1 
(m) 
vavg 
(m/s) Fr 
Q 
(m3/s) 
B1 3.66 1.01 0.37 0.33 0.58 0.446 
B2 3.66 1.62 0.37 0.33 0.58 0.446 
B3 3.66 2.23 0.37 0.33 0.58 0.446 
 
The sediment pit was used as the test area for 
abutment scour.  It was filled with sand up to 0.9 m (3 
feet) height from the bottom of the pit.  The remaining 
0.6 m (2 feet) in the pit was filled with Porcelain clay. 
The clay has a median particle diameter of D50 = 0.003 
mm, plastic index PI = 14%, critical velocity 
cv = 0.95 
m/s and critical shear stress 
c
τ = 1.7 N/m2. The property 
of clay mentioned above was determined following the 
ASTM standard test procedures and the EFA test 
procedure (Briaud et al., 1999). 
A vertical wall abutment with a °45  wing wall, 0.46 
m (18 inch) wide crest, 1.12 m (44 inch) height, and 
2.29 m (90 inch) width was used in the tests. The length 
of the abutment was varied in the tests, adjusted using 
several wooden embankments. Fig. 1 shows the 
experiment setup and the definition of geometry and 
coordinate system. The test conditions are shown in 
Table I. 
The water elevation, bed elevation, and flow velocity 
were measured every 24 hour during the tests using a 
point gauge, a bed profiler, and an ADV. The point 
gauge is designed to detect the difference in electrical 
conductivity. Once the needle-shaped gauge touches the 
interface between two different materials, a sudden 
conductivity change occurs. This enables the gauge to 
determine the free surface and soil bottom.  The bed 
profiler consists of 23 rulers with a 15.24 cm (6 inch) 
constant spacing between the adjacent rulers.  The 
rulers are allowed to move vertically only. The profiler 
is capable of measuring 23 bed elevations at once, while 
the point gauge measures only one bed elevation at a 
time. The profiler was used to obtain the channel bed 
profile and to find the position of the maximum scour 
depth.  Note that the bottom was not visible during the 
test due to the muddy circulated water in the flume. 
 
III. NUMERICAL SIMULATION 
Two numerical models, RMA2 and CHEN 3D, were 
used to help the measurements by providing the detailed 
flow field. RMA2 is a two-dimensional depth-averaged 
finite element hydrodynamic model for computing 
water surface elevations and horizontal velocity 
components in a subcritical free-surface flow (King, 
2003). CHEN 3D is a three-dimensional Reynolds-
averaged Navier-Stokes (RANS) model in conjunction 
with a flexible chimera domain decomposition 
technique to predict the flow around obstacles and 
resolve in the turbulent boundary layer. CHEN 3D 
solves the mean flow and turbulence quantities on 
embedded and overlapped multiblock grids. Within 
each computational block, the finite-analytic method of 
Chen et al. (1990) is employed to solve the RANS 
equations in a curvilinear body-fitted coordinate system. 
The overall numerical solution is completed by the 
hybrid PISO/SIMPLER pressure solver of Chen and 
Korpus (1993) that satisfies the continuity equation at 
each time step. The present method was used in 
conjunction with the PEGSUS program of Suhs and 
Tramel (1991) that provides the interpolation 
information between different grid blocks. 
Fig.2 shows the 2D grids in Case B1 with a total of 
6778 elements and 20785 nodes used in the RMA2 
simulation.  A constant eddy viscosity of 0.8 lb-s/ft2 and 
Manning’s n value of 0.035 were used in the simulation. 
Fig. 3 shows the 3D grid system in Case B1 used in 
CHEN 3D simulation. The grids were divided into six 
blocks as shown in the figure.  The grid points in the x, 
y and z directions in each block are: Block 1, 40×80×31; 
Block 2, 53×23×31; Block 3, 165×41×31; Block 4, 
80×80×31; Block 5, 80 ×16×31; and Block 6, 12×11×31.  
In both numerical models, only one-half of the channel 
was covered in the computation by assuming that the 
channel and abutment are symmetric. 
 
 
Figure 2.  Grid system in 2D simulation for Case B1 
(flow direction from left to right) 
  
Figure 3.  Grid system in 3D simulation for Case B1  
(flow direction from Block 1 to Block 6) 
IV. RESULTS AND DISCUSSION 
Water elevation along the flume was measured every 
24 hours at the middle of the opening section. The 
measurements for all three cases were shown in Fig. 4.  
Fig. 4(a) shows that the contraction ratio (La/L) does not 
influence the initial water level upstream, while a higher 
contraction ratio results in a greater water level change 
around the abutment.  Fig. 4(b) shows that the water 
level around the abutment decreases as time progresses 
due to the abutment scour and contraction scour that 
increase the cross sectional area at the contracted 
section.  The change is quite remarkable in the higher 
contraction cases. Note that the flow rate was kept 
constant at 0.45 m3/s during the tests with only a 
negligible variation. 
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(a) Initial water elevation along the flume 
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 (b) Water elevation during the experiment in Case B3 
Figure 4.  Water elevation measured at the center of the opening 
along the flume 
The scour depth was measured every 24 hours 
throughout the test.  The measurement covered the 
entire test area (i.e., the sediment pit).  We found the 
center of scour hole located at the end of abutment near 
either the middle section (y = 0 ft for Case B1) or slight 
downstream (y = 0.75 ft for Case B2 and y = 1.5 ft for 
Case B3).  Fig. 5 shows the measured bed contour in 
Case B2.  Note that the center of scour hole in 
cohesionless soil was observed to locate at the upstream 
corner of abutment regardless the shape of abutment 
and test condition (Laursen and Toch, 1956), indicated 
in Fig. 6.   
Fig. 7 shows the cross sectional plots along the cross-
tank direction of bed profile at three locations close to 
the maximum scour hole.  The along-tank direction bed 
profile is shown in Fig. 8.  From the plots, the frontal 
slope of the scour hole was much steeper than the rear 
slope.  Moreover, the higher the contraction ratio (La/L) 
is, the more significant slope difference was observed 
between the front and the rear. 
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Figure 5.  Contour of channel bed elevation after 240 hours in Case 
B2 
 
 
Figure 6.  Top view of scour pattern around a wing wall abutment in 
cohesionless soil (Laursen and Toch, 1956).  The flow direction is 
indicated by the arrow. 
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(a) y = 0.0 ft 
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(b) y = 0.75 ft 
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 (c) y = 1.5 ft 
Figure 7.  Scour development in the x direction for Case B2 
 
The scour rate at the beginning of test was high and 
then gradually decreased with time. Fig. 9 shows the 
amount of eroded clay calculated using the measured 
bottom contour. The figure shows that the contraction 
ratio is an important parameter in the analysis of 
abutment scour.  Fig. 10 shows the abutment scour 
depth in all three cases. Although it is obvious in Fig. 9 
that the high contraction ratio Case B3 has a much 
larger scour volume in comparison to the lower 
contraction ratio Case B2, the maximum scour depth 
between these two cases is about the same, as shown in 
Fig. 10. This may indicate that there exists a critical 
scour depth; the scour hole will not continue to deepen 
but simply widen.  This is very different from results 
found in cohesionless soil.  More tests need to be 
conducted to confirm this preliminary finding.  Fig. 10 
and Table II show that the measured scour depth can be 
fitted with a hyperbolic function in all three cases.  
Using the hyperbolic fits Cases B1 to B3 reached 
between 60% and 70% of the equilibrium scour depth 
after 240 hours in this study.  The time to reach 90% of 
equilibrium scour depth using the hyperbolic model is 
923 hours, 1459 hours and 1319 hours for Cases B1, 
B2, and B3, respectively.  In contrary, the approximated 
90% equilibrium scour depth occurred within 15 hours 
in both fine and coarse sand (Gill, 1972).  Note that the 
calculated critical velocity for the Porcelain clay used in 
the present study using Laursen’s (1963) equation is 
0.076 m/s while the velocity used in this study is 0.33 
m/s. The velocities indicate that the experimental 
condition in this study is not clear water scour but live 
bed scour. 
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(a) x = 6.0 ft 
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(b) x = 6.5 ft 
Figure 8.  Scour development along the flow direction in Case B2
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Figure 9.  Amount of eroded clay versus time  
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Figure 10.  Abutment scour depth versus time 
TABLE II.  HYPERBOLIC MODEL OF ABUTMENT SCOUR DEPTH 
Case La/L 
Hyperbolic Model for 
Abutment Scour Depth 
(mm) 
Equilibrium 
Scour Depth 
(mm) 
R2 
value 
B1 0.28 
0.0179 1.8349a
t
z
t
=
+
 55.9 0.97 
B2 0.44 
0.003 0.4866a
t
z
t
=
+
 333 0.99 
B3 0.61 
0.0034 0.4984a
t
z
t
=
+
 294 0.99 
 
Table III shows the comparison among several previous 
studies and this study under the test condition. In the table, 
Melville’s shape factor (K1 = 0.75) was incorporated into the 
equations of Laursen (1960) and Gill (1972) to account for 
the geometric variation of abutment. The results obtained 
using cohesionless soil are either of the opposite trend 
(deposition rather than scour) or too conservative to predict 
the scour depth in cohesive soil. 
Fig. 11 depicts the comparison of water elevation between 
the measurement and numerical simulations for Case B1.  
Very good agreement was found for both the numerical 
models used in the study.  Fig. 12 presents the streamwise 
velocity distribution across the flume at the contacted section 
at y = 0.0 ft and at the expanded section behind the abutment 
at y = 15.0 ft. The figure shows that only the 3D simulation 
agrees well with the measurement.  The calculated velocity 
using 2D model has a very significant deviation in the 
vicinity of abutment and behind the abutment. 
TABLE III.  COMPARISON WITH PREVIOUS STUDIES 
Abutment Scour Depth (mm) 
Case Laursen 
(1960) 
Gill 
(1972) 
Froehlich 
(1989) 
Melville 
(1992) 
This 
Study 
B1 694 -183 761 917 56 
B2 871 -202 932 1161 333 
B3 1015 -222 1069 1363 294 
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Figure 11.  Comparison of water elevation between measurement and 
numerical simulations for Case B1 
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(a) Middle section at y = 0.0ft 
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 (b) Downstream at y = 15.0 ft 
Figure 12.  Comparison of streamwise velocity distribution between 
measurement and numerical simulations for Case B1 
 
Fig. 13 is a picture taken in Case B2 at the moment after 
the flume was filled but before the test was started. Fig. 14 
 was taken after the test was completed with water drained in 
the same case. 
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Figure 13.  Top view of test area in Case B2 before the test started  
 
Figure 14.  Image taken after 240 hours of run time in Case B2 (looking at 
the upstream direction) 
V. CONCLUSION 
Three large-scale laboratory tests were performed to 
investigate the abutment scour process in cohesive soil. 
Results in these experiments were compared with that in 
previous studies using cohesionless soil.  The following is 
the findings: 
• The scour pattern in cohesive soil is very different in 
comparison with the pattern in cohesionless soil.  The 
location of scour hole in cohesive soil is at the middle 
or slight downstream of the abutment section.  
However, previous studies using cohesionless soil 
showed that the location is at the upstream corner of 
abutment. 
• The hyperbolic function may be a good approximation 
for scour depth prediction in cohesive soil. 
• Time needed to reach the equilibrium scour depth in 
cohesive soil is one order of magnitude longer than that 
in cohesionless soil. 
• Predictions of scour depth using methods developed for 
cohesionless soil are too conservative to predict scour 
in cohesive soil. 
• 3D numerical simulations may be necessary to 
compute the detailed flow field in the study. 
NOTATION 
D50 median diameter of soil particle 
Fr Froude number based on upstream velocity and 
depth 
KyL depth-size factor (m) 
KI flow intensity factor 
K1 shape factor 
K2 alignment factor 
KG approach channel geometry factor 
KT time factor 
L width of channel 
La length of abutment 
Q discharge 
t time (hour) 
vavg average velocity at up stream 
vc critical velocity 
y1 water elevation at upstream 
za Calculated abutment scour depth (mm in this 
study) 
σg geometric standard deviation of sediment 
=
1684 / DD  
τ1 shear stress at upstream 
τc critical shear stress 
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